Impurities in crystals generally cause point defects and can even suppress crystallization. This general rule, however, does not apply to colloidal crystals formed by soft microgel particles [Iyer ASJ, Lyon LA (2009) Angew Chem Int Ed 48:4562-4566], as, in this case, the larger particles are able to shrink and join the crystal formed by a majority of smaller particles. Using small-angle X-ray scattering, we find the limit in large-particle concentration for this spontaneous deswelling to persist. We rationalize our data in the context of those counterions that are bound to the microgel particles as a result of the electrostatic attraction exerted by the fixed charges residing on the particle periphery. These bound counterions do not contribute to the suspension osmotic pressure in dilute conditions, as they can be seen as internal degrees of freedom associated with each microgel particle. In contrast, at sufficiently high particle concentrations, the counterion cloud of each particle overlaps with that of its neighbors, allowing these ions to freely explore the space outside the particles. We confirm this scenario by directly measuring the osmotic pressure of the suspension. Because these counterions are then no longer bound, they create an osmotic pressure difference between the inside and outside of the microgels, which, if larger than the microgel bulk modulus, can cause deswelling, explaining why large, soft microgel particles feel the squeeze when suspended with a majority of smaller particles. We perform small-angle neutron scattering measurements to further confirm this remarkable behavior.
Impurities in crystals generally cause point defects and can even suppress crystallization. This general rule, however, does not apply to colloidal crystals formed by soft microgel particles [Iyer ASJ, Lyon LA (2009) Angew Chem Int Ed 48:4562-4566], as, in this case, the larger particles are able to shrink and join the crystal formed by a majority of smaller particles. Using small-angle X-ray scattering, we find the limit in large-particle concentration for this spontaneous deswelling to persist. We rationalize our data in the context of those counterions that are bound to the microgel particles as a result of the electrostatic attraction exerted by the fixed charges residing on the particle periphery. These bound counterions do not contribute to the suspension osmotic pressure in dilute conditions, as they can be seen as internal degrees of freedom associated with each microgel particle. In contrast, at sufficiently high particle concentrations, the counterion cloud of each particle overlaps with that of its neighbors, allowing these ions to freely explore the space outside the particles. We confirm this scenario by directly measuring the osmotic pressure of the suspension. Because these counterions are then no longer bound, they create an osmotic pressure difference between the inside and outside of the microgels, which, if larger than the microgel bulk modulus, can cause deswelling, explaining why large, soft microgel particles feel the squeeze when suspended with a majority of smaller particles. We perform small-angle neutron scattering measurements to further confirm this remarkable behavior. microgels | deswelling | crystallization | SAXS | SANS P oint defects in crystalline materials disrupt the crystal structure and often prevent crystallization. This is the case, for instance, when large particles are introduced in a crystal of smaller particles. Bragg illustrated the consequences of this disruption using soap bubbles (1) . In metal melts, a size mismatch of 15% between the atoms suppresses crystallization (2) , and, in hard spheres, which constitute an important model system for condensed matter, a polydispersity above 12% also prevents crystallization (3) . Furthermore, the polydispersity in hard sphere crystals does not exceed 5.7%, due to local segregation of dissimilar particles during crystallization (4, 5) .
Remarkably, these restrictions do not necessarily apply to suspensions of soft microgels, which are cross-linked polymer particles immersed in a solvent that can exist in either swollen or deswollen states, depending on external conditions like temperature (6) and pH (7) . Indeed, microgel suspensions containing a small fraction of larger particles can crystallize without defects by shrinking the larger particles to a size that is identical to that of the smaller and more abundant microgel particles (8) . This deswelling was hypothesized to result either from the direct interaction between large and small particles or from the osmotic pressure exerted by the small microgels on the larger ones (2) . Here, we show that none of these effects drive this process. Instead, we find that the counterions bound to the microgel periphery as a result of their electrostatic attraction to the peripheral microgel charges can, at sufficiently large concentration of the small microgels, delocalize and explore the available volume outside the particles, hence exerting the required osmotic pressure to cause deswelling of the larger microgels. Interestingly, this same mechanism could also explain similar deswelling behavior in suspensions of DNA-coated colloids with star-shape architecture (9) .
We use large and small temperature-responsive poly(N-isopropylacrylamide) (pNIPAM) microgels (10) and study aqueous suspensions with the particles in the fully swollen state at 18°C < T < 21°C (11) . In these conditions, the radii of the large and small particles are R b ≈ 180 nm and either R s ≈ 135 nm or R s ≈ 120 nm, respectively, as determined by small-angle neutron scattering (SANS); see Table S1 for a detailed list of the different particles we use. These are all synthesized according to the same protocol. Furthermore, at fixed temperature, the suspension phase behavior is essentially determined by the suspension volume fraction, ϕ. However, due to microgel deformability and compressibility, the particle volume and, therefore, ϕ are difficult to quantify, particularly at high particle number densities. As a result, we use a generalized volume fraction, ζ, obtained from the polymer mass fraction and a mapping of the dilute suspension viscosity to the hard sphere expectation (Supporting Information and ref. 12). For low ϕ, ζ = ϕ. In contrast, for sufficiently high ϕ, the particles must deform and shrink to fit into the available space. As a result, ζ can take values larger than 1 at sufficiently high concentrations, whereas ϕ is, at most, equal to 1. Note that ζ is always proportional to the particle number concentration.
To study the effect of larger pNIPAM particles on the phase behavior of a suspension of smaller pNIPAM particles, we
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Understanding when a material crystallizes is of fundamental importance in condensed matter. In many materials, the presence of point defects suppresses crystallization. Surprisingly, colloidal hydrogels can overcome this limitation: A small number of large microgels can spontaneously deswell to fit in the crystal lattice of smaller microgels, thus avoiding the occurrence of point defects. We find that this unique particle deswelling is due to an osmotic pressure difference between the inside and the outside of the microgels resulting from the overlap of counterion clouds of neighboring particles. When this pressure difference exceeds the bulk modulus of the large microgels, these shrink, enabling crystallization without point defects.
prepare bidisperse suspensions at various number fractions of the large particles, n b , which we calculate from the single-particle masses of both small and large particles and the corresponding total masses in the bidisperse sample. The total ζ of the suspension is obtained as ζ = ζ s + ζ b , where ζ s and ζ b are calculated from the swollen volumes of the small and large particles, respectively, and the total volume of the suspension (Supporting Information). The small and large pNIPAM species have a polydispersity ≤ 12% and crystallize at ζ f ≈ 0.59, consistent with previous experiments with the same type of particles (12) .
For each n b , a series of suspensions is prepared covering a ζ-range containing both the freezing and melting points of the suspension of small microgels; typically 0.5 K ζ K 0.9. The size ratio of the small and large particles is within the range 0.74 < R s =R b < 0.78 for all sample series (Supporting Information). We use small-angle X-ray scattering (SAXS) to characterize the phase behavior and elucidate the response of the large particles. We obtain the structure factor, SðqÞ, by dividing the measured scattered intensity, IðqÞ, by the form factor, PðqÞ (Supporting Information and refs. 11 and 13), which we independently determine with dilute samples. An example of a detector image and the corresponding SðqÞ is shown in Fig. 1A for a bidisperse sample in the glassy state with n b = ð1.4 ± 0.1Þ% and ζ = 0.76 ± 0.02. In this case, we use the position of the first peak in SðqÞ to obtain the nearest neighbor distance, d nn ; we do the same for all liquid and glassy samples. However, for crystalline samples, we find that SðqÞ is consistent with a random hexagonal close packed structure for both monodisperse and bidisperse samples; this structure is consistent with what has been reported before for similar and other microgel suspensions and is also realized by hard and charged spheres (14) (15) (16) (17) (18) . In this case, we obtain the lattice constant and hence d nn from the position of the second ring of Bragg peaks, which can be clearly seen in the detector image, as shown in Fig. 1B for n b = ð6.6 ± 0.7Þ% and ζ = 0.67 ± 0.01. The second ring of peaks is chosen, as these peaks are true Bragg peaks, whereas the first and third rings are due to Bragg rods (19) . The d nn ðζÞ curves for monodisperse suspensions of only small or large particles clearly reflect the size difference between the two types of particles, as shown in Fig. 1C .
Remarkably, we find d nn in samples with n b = ð2.3 ± 0.2Þ% to be the same as in monodisperse samples of only small particles, as shown by the squares in Fig. 1D . The decrease of d nn with ζ reflects isotropic shrinkage of this length scale. Indeed, the data for the small-only and large-only suspensions, as well as that for bidisperse suspensions, follow the functional form expected in this situation:
, with a the nearest neighbor distance at ζ = 1, which we use as a fitting parameter; this is shown by the curves in Fig. 1 C and D. Note that the curves for the bidisperse sample and the sample comprising only small particles virtually coincide throughout the studied ζ-range. Furthermore, for n b = ð6.6 ± 0.7Þ%, the Bragg peaks of the crystalline bidisperse sample, shown with squares in Fig. 1B , appear at the same q values as the Bragg peaks found in the monodisperse sample of only small particles, shown with circles in Fig. 1B . In the bidisperse sample, the absence of Bragg peaks or a fluid peak reminiscent of a crystal or fluid formed by large particles excludes segregation of small and large particles in these samples. We thus conclude that the large particles deswell and do not significantly disrupt the lattice in crystalline samples, consistent with earlier real-space observations of similar microgel suspensions (8), nor do they disrupt the small-particle arrangement in liquid and glassy samples. Note that, in our experiments, the fraction of large particles is significantly larger than that in prior experiments (8) .
We directly confirm the deswelling of the large particles with SANS using contrast matching to suppress the scattering signal from the small particles ( Fig. S1 , Supporting Information, and refs. 20 and 21). We thus use deuterated small particles with R s = ð117 ± 7Þ nm and large particles with R b = ð176 ± 4Þ nm; the resulting size ratio is R s =R b = 0.66 ± 0.05. In this situation, we directly measure the form factor of the large particles, which we fit with a well accepted core−shell model for pNIPAM microgels to obtain the particle radius (Supporting Information, Table S2 , and refs. 11 and 13). The result for a bidisperse suspension at ζ = 0.85 ± 0.05 and n b = ð2.9 ± 0.3Þ% is shown by the triangles in Fig. 2A . For comparison, we show with pluses in the same figure the result for a suspension of only large microgels at ζ ≈ 0.08, which is dilute enough to directly measure the particle form factor without contrast matching. The corresponding curve shows a faster decay with q, indicating a larger particle size in this case compared with the bidisperse situation. This confirms that the larger microgels have indeed shrunken in the bidisperse suspension. We quantify this behavior in terms of ζ and find that the radius of the larger microgels remains approximately Table S1 .
constant and equal to the dilute radius up to ζ ≈ 0.5, where it decreases slightly before a more pronounced decrease at ζ ≈ 0.85, as shown in Fig. 2B . Note that R b = ð113 ± 2Þ nm at ζ ≈ 1.2, which coincides with the radius of the small microgels, R s = ð117 ± 7Þ nm, measured in dilute conditions and without contrast matching techniques.
Interestingly, for bidisperse suspensions with a higher n b = ð29 ± 3Þ%, we find that the d nn ðζÞ ∝ ζ −1=3 behavior only coincides with the corresponding behavior of suspensions with only small particles for ζ J 0.67. Below this ζ, the fits of this functional form to the data do not lie on top of each other, as shown in Fig. 1E . This suggests that the large particles only deswell to a size close to that of the small particles for ζ K 0.67.
To explain the observed deswelling of the large particles and its dependence on n b , we recall that, despite the fact that NIPAM is not charged, pNIPAM particles contain charged groups at their periphery resulting from the initiator, ammonium persulfate, used in the synthesis (22) . As a result, our particles contain SO Interestingly, for the case of ionic microgels, which are charged throughout their bulk, these counterions control the compression of the particles (23) . In this case, there is a Donnan potential inside the microgels that confines most of these counterions to the microgel interior. Only those attracted with a strength ≤ k B T can leave the particles and contribute to the external osmotic pressure to potentially deswell the particles. In our case, however, most of the charge is located in the periphery of the particles rather than throughout their bulk. Hence there is a cloud of bound counterions in the peripheral region of each microgel, as shown schematically in Fig. 3A . In this case and in contrast to the ionic microgel case, those ions that are attracted to the peripheric charged region with a strength ≤ k B T, distribute both outside and inside the particles, as shown schematically in Fig. 3A . Hence the distribution of these unbound counterions will not result in the osmotic pressure difference between the inside and the outside of the microgel required to explain the deswelling we observe experimentally.
To confirm this, we study suspensions of particles with fully swollen radius R = ð125 ± 5Þ nm at ζ K 0.08 with added salt. Because we expect the salt ions to distribute both inside and outside of the microgels, they should not induce particle deswelling. We determine the suspension form factor using SANS at concentrations of the salt NaSCN equal to 2.5 mM, 7.1 mM, and 115.3 mM; we then fit the data with the core−shell form factor model and determine the particle radius (Supporting Information). We note that, at the highest salt concentration, the number of salt ions exceeds the number of counterions in our samples. We find that the form factors are virtually identical and are identical to the salt-free case, as shown with black plus signs and red triangles in Fig. 4 . Consistent with this, we find R = ð125 ± 5Þ nm for the case without added salt, and R = ð123 ± 3Þ nm for the case with the highest salt concentration. These results thus confirm that, indeed, all unbound ions distribute themselves inside and outside the microgels without inducing a significant osmotic pressure difference.
With increasing ζ, however, the distance between particles decreases and, eventually, the clouds of those counterions that are bound to the peripheral charged region with a strength >k B T overlap. In this concentrated case, the clouds can fill the space between the particles, and these bound counterions can no longer be related to an individual microgel particle, but they rather explore the outside space, thus creating an external osmotic pressure, as schematically shown in Fig. 3B . This external pressure cannot be balanced by the unbound counterions inside the particles, as the counterion density inside remains essentially unchanged. We then hypothesize that the resulting osmotic pressure due to these initially bound and now delocalized counterions is the cause for the deswelling behavior of the large microgels observed experimentally.
To test this, we measure the osmotic pressure, Π, of the bidisperse suspension used in the SANS experiments using a membrane osmometer (Wescor 4420). We find that, at low ζ, Π is much larger than what is expected for a fluid of microgels. Furthermore, A B Fig. 2. (A) SANS form factors of the large microgels and corresponding fits in (red triangles) a bidisperse sample with n b = ð2.9 ± 0.3Þ% and ζ = 0.85 ± 0.05 and in (black plus signs) a monodisperse large-only sample with ζ ≈ 0.08. See Table S1 for fully swollen particle radii. The lines show the form factor fits to the data. (B) SANS radius of the large particles (black plus signs) in the bidisperse sample shown in A and the osmotic pressure (red squares) vs. ζ. The dashed lines are linear fits to ΠðζÞ for (blue) ζ < 0.85 and (green) ζ > 0.85 highlighting the change in slope at ζ ≈ 0.85. it increases linearly with ζ up to ζ ≈ 0.85, as shown in Fig. 2B with squares. Above this ζ-value and up to the highest ζ we experimentally probe, the behavior of Π is also consistent with a linear growth. However, in this ζ-range, the slope is considerably larger than that at lower ζ, as also shown in Fig. 2B . The observed behavior for ζ K 0.85 can be understood by realizing that Π is determined by the unbound counterions, as these are much more numerous than the microgel particles (23) . Because these ions are only those that can escape the electrostatic attraction to the microgel periphery, their number must be significantly lower than the total number of counterions. By assuming an ideal gas of free counterions, we expect Π = N free k B Tζ=V p , with N free the number of unbound counterions per particle and V p the volume of a fully swollen microgel particle. We then fit the experimental Π versus ζ, for ζ K 0.85, and obtain N free = ð8 ± 2Þ · 10 3 from the slope of the fit. This corresponds to a counterion density of ð9.4 ± 2.6Þ · 10 −4 nm −3 at ζ = 0.85, which supports the ideal gas approximation. Furthermore, from the synthesis, we estimate a total number of N = ð6.8 ± 0.3Þ · 10 4 counterions per particle (Supporting Information). As a result, N free =N ≈ 11%, which is small, consistent with our expectation. For larger ζ, when the clouds of bound counterions overlap, these ions would then contribute to Π. We interpret the higher slope of ΠðζÞ for ζ J 0.85 as an indication of this fact.
The osmotic pressure behavior is thus supportive of the role played by the bound counterions in our experiments. To further confirm this, we recall that the onset of deswelling in the bidisperse suspension with n b = ð29 ± 3Þ% occurs at ζ ≈ 0.67, highlighted by the vertical line in Fig. 1E , which is close to where Π appreciably changes slope. Indeed, for ζ ≈ 0.67, the osmotic pressure difference between the inside and outside of the particles, due to the initially bound counterions, is enough to deswell the fuzzy shell of the particles, as shown in Fig. S2A . As ζ progressively increases, this osmotic pressure difference increases and, eventually, also, the core of the particles gets compressed; this happens at ζ ≈ 0.85, as shown in Fig. S2B . Therefore, the change in behavior of the suspension osmotic pressure approximately occurs when the microgel particle appreciably compresses, supporting our interpretation of the results.
To further test the proposed mechanism, consider an effective particle consisting of a microgel with radius R and a cloud of bound counterions of thickness Δr; the overall particle radius is R eff = R + Δr. We also introduce an effective volume fraction for the small particles in the bidisperse suspensions, ζ eff s = ðR eff s =R s Þ 3 ζ s =ð1 − ϕ b Þ, where ϕ b is the volume fraction occupied by the large particles. This effective volume fraction corresponds to the volume fraction of the small particles calculated with their effective radius and their accessible volume, which is given by the total suspension volume without the volume occupied by the large particles. Based on our hypothesis, we expect deswelling of the large particles when the space between small particles is filled by the counterion clouds; this corresponds to ζ eff s J 1. By identifying the onset of deswelling in our data for n b = ð29 ± 3Þ% at ζ = 0.67 with the point where ζ eff s ≈ 1, we obtain a value of Δr = ð35 ± 4Þ nm. Using this value for Δr, we can obtain the ζ corresponding to ζ eff s ≈ 1 for other values of n b . For n b = ð2.3 ± 0.2Þ%, we obtain ζ ≈ 0.53, which we show with a vertical line in Fig. 1D . Because, in this case, ζ eff s > 1 for all of the studied ζ-range, deswelling is expected throughout, consistent with our observations. In contrast, for n b = ð79 ± 8Þ%, the ζ-value corresponding to ζ eff s ≈ 1 is above any ζ used in the experiments, as shown by the vertical line in Fig. 1F ; hence no deswelling is expected. In this case, we find that d nn is comparable to that in suspensions of only large particles and significantly larger than d nn in suspensions of only small particles, as shown in Fig. 1F , consistent with our interpretations. Note that the ζ-value associated with the onset of deswelling depends on n b : Although the large particles are found to deswell at ζ below random close packing for n b = ð2.3 ± 0.2Þ% (Fig. 1D) , they do not deswell for any of the accessed ζ, which includes values significantly above random close packing, for n b = ð79 ± 8Þ% (Fig. 1F) . This observation suggests that a direct interaction between large and small particles is not the reason for particle deswelling.
To independently estimate Δr, we perform three Monte Carlo simulations of a single microgel particle in water with radius R = 130 nm, charge −7 · 10 4 e homogeneously distributed on the surface, and the associated counterions (Supporting Information).
Here, e represents the elementary charge. The microgel and its counterions are confined in a spherical volume resulting in microgel volume fractions ϕ = 0.05, 0.25, and 0.5 for the three simulations. The counterions are treated as mobile, point-like charges with radius 0.007 nm and charge e. Their distribution around the microgel particle is obtained from the simulation, as shown in Fig. S3A . Furthermore, the electrostatic potential, ψðrÞ, is obtained from the sum of the potential due to the fixed surface charge and all counterions (see Fig. S3B ). We find that most counterions are trapped close to the particle surface, where the potential energy reaches its minimum value. We find the simulation at ϕ = 0.5 to correspond to the situation with strong overlap of the counterion clouds of neighboring particles and a higher counterion density outside than inside the particle. Following our idea of an effective particle comprising the counterion cloud and resulting in a volume fraction ϕ eff ≈ ϕ½ðR + Δr sim Þ=R 3 = 1, we obtain the estimate Δr sim ≈ 34 nm (Supporting Information), which agrees with our experimental value Δr ≈ 35 nm. We further note that this value is in good agreement with what was found in a dielectric spectroscopy measurement of Δr (22) .
We thus conclude that the deswelling of the large particles in the presence of smaller particles results from the osmotic pressure exerted by the bound counterions, when ζ is large enough for these ions to effectively unbind. However, this osmotic pressure difference should also be felt by the small microgels. To see whether this is the case, we perform a SANS experiment with a sample containing a majority of deuterated large particles, n b = ð84 ± 3Þ%, with radius R b = ð181 ± 4Þ nm and protonated small particles with R s = ð137 ± 4Þ nm (Supporting Information). We contrast match the deuterated large particles and probe the form factor of the small microgels in concentrated samples. Indeed, we find that the small particles deswell; from fits of the Fig. 4 . SANS form factors and corresponding fits; green asterisks, monodisperse small-only sample at ζ ≈ 0.08; purple diamonds, bidisperse sample with n b = ð84 ± 3Þ%, ζ = 1.20 ± 0.01, and a radius R = ð95 ± 5Þ nm of the deswollen small particles; black plus signs, monodisperse sample at ζ ≈ 0.08 with 115.3 mM NaSCN; and red triangles, same as black plus signs but without NaSCN salt. See Table S1 for fully swollen particle radii. The fit for the black plus signs is not shown.
form factors measured in the bidisperse suspension at ζ = 1.20 ± 0.01 (see Table S2 ) and for a dilute suspension of only small microgels, shown with diamonds and asterisks, respectively, in Fig. 4 , we obtain that R s decreases by ΔR s = ð42 ± 9Þ nm. Interestingly, the effective volume fraction of the large particles, ζ eff b , in the bidisperse suspension in the experimental conditions is equal to 2.14 ± 0.03, which is larger than 1, consistent with our expectations based on the counterion-induced deswelling picture. Here, ζ eff b is computed for the large particles using the same Δr as determined above for the small microgels.
However, ΔR s is smaller than ΔR b = ð63 ± 6Þ nm for a similar ζ eff (see Table S2 ). To understand this, recall that the swelling of the microgel not only depends on the osmotic pressure difference between the inside and the outside of the microgels, ΔΠ, but also on a sufficiently small bulk modulus, as, otherwise, the microgels would be too stiff to deswell. In fact, swelling equilibrium for the particles is achieved when the counterion-induced osmotic pressure difference is balanced by the elastic compression of the particles. Hence, swelling equilibrium is expected when ΔΠ ≈ Kγ, with the bulk modulus K and the strain γ, which we estimate as ΔR=R. Considering a similar ΔΠ for large and small microgels, we have K s γ s = K b γ b , and thus ΔR s = K b R si ΔR b =ðK s R bi Þ, where the subscripts "bi" and "si" denote the radii of the large and small microgels when fully swollen. Because R si =R bi < 1, and we also expect K b =K s K 1, we obtain that ΔR s < ΔR b , consistent with our observations. Note that K b =K s K 1, because both types of particles are synthesized under identical conditions but the polymerization reaction is stopped earlier for the small particles than for the large particles, implying that the cross-linker concentration has decayed less from the particle center towards the periphery for the small particles than for the large particles.
Our deswelling mechanism is also in good agreement with the deswelling of pNIPAM-based microgels reported in the literature (8, 12, 15, 24, 25) . Indeed, using our estimate of Δr to obtain ζ eff , the onset of particle deswelling is observed at 0.9 K ζ eff K 1.22 in all these studies (Supporting Information and Table S3 ). We stress that we compare rather diverse systems and experiments. In some cases, particles are deuterated and protonated; in some other cases, hard and soft particles are mixed, or a majority of pNIPAM particles is mixed with a small number of large pNIPAM particles copolymerized with acrylic acid. Notably, in a recent form factor study of pNIPAM particles in crowded environments (21) , deswelling was first observed at ζ ≈ 1, corresponding to ζ eff = 1.8, which is higher than our expectation. However, in this SANS experiment, the viscosimetry data show that a majority of soft deuterated particles was mixed with stiffer protonated particles with almost identical size. The softness of the two species is reversed compared to the study presented here: The behavior of the stiffer particles was followed, while the signal of the softer particles was suppressed with contrast matching. Our deswelling mechanism implies, in this case, that the bulk modulus of the protonated microgel was larger than the osmotic pressure difference set by the counterions at ζ eff ≈ 1, thus preventing their deswelling. Furthermore, it also implies that the soft deuterated particles would experience deswelling at ζ < 1, before deswelling of the stiffer protonated particles. However, the behavior of the deuterated particles was not followed in this earlier work.
In conclusion, we have unraveled the self-healing mechanism that allows bidisperse pNIPAM microgel suspensions to crystallize even at high size ratios of large and small particles (8) , which would suppress crystallization if the particles were not soft (2) . We find charged groups on the periphery of the particles and the corresponding clouds of bound counterions to be the key for the deswelling of the particles. At high concentrations, the counterion clouds fill the space between the particles, and, therefore, a large fraction of the bound counterions becomes effectively free to explore the volume outside the microgels. These ions establish an osmotic pressure difference between the inside and the outside of the particle, which, when larger than the microgel bulk modulus, causes particle deswelling. As pNIPAM microgels synthesized according to the same protocol become softer with increasing particle radius, large particles show a more pronounced deswelling than small particles. Furthermore, because the overlap of the counterion clouds and the associated osmotic pressure difference gradually increase in the range of concentrations around ζ eff = 1, the deswelling transition is not sharp but must first affect the softest part of the microgel particles, usually their soft shell. Although the model we present here captures the essential mechanism, more experiments, simulations, and theoretical work is needed to fully justify our interpretations, particularly in the ζ-regime corresponding to ζ eff = 1. Remarkably, the generality of the proposed mechanism changes the role of polydispersity not only for microgel-based suspensions but, presumably, for other soft-particle suspensions. Indeed, it also at least partially explains the deswelling behavior observed with DNA-coated colloids with star-shape architecture (9) . We also note that the delocalization of counterions at sufficiently large particle concentrations is reminiscent of the delocalization of electrons in a metal. However, although in the first case the behavior is classical and driven by the increase in entropy of the bound counterions when the individual microgel clouds overlap, in the second case, the effect is quantum mechanical. In both cases, however, the pressure is determined by the delocalized particles: The counterions set the suspension osmotic pressure and ultimately the osmotic pressure difference between the inside and outside of the microgel particles, causing their eventual deswelling, whereas the delocalized electrons in a metal set the pressure and hence the metal bulk modulus.
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